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111 ll]is arliclc wc r e v i s i t  Callap,cr  alId  valI  Voor]]is  o])tilrlal s o u r c e  codillp, sclIeIIIc  for  p,eoIlmtrically
<Iislril)lll,c[l  )lo]]-])~p,iitiv~  i]]tep,cr a]])halxts,  aIId s]Iow t]Iat t}ic  various sulwodcs  ill l,]lc lq)ular ]{icc al~,orilllll)
~ii]] Im d e r i v e d  fro]]] t,lIc [jalla~cr aIId WHI Voorl]is  coclc. Next, wc ]Ilodify  and  p,c]lera]izc  tlm (;allap;cr  aIId

vNl I Voor]lis  code for twosidc!d  p,(!Olll[!tl’iCil]]~  distrilmtcd i]llcp,cr  al])l  Ial mts (] msiliw! a]]d I Icp,titivc), w]lic]i
arc L.y])ica]  i]l])ut saIII])]cs  to t]m  b a c k - r e d  m]trol).y  codi])p,  slap,c of losslms ]wcdictivc cdi]l~. SC}  ICI  IICS aIId

lossy Lra]]sfcmn codi]]p;  sclIc]IIcs.  WC dcvclo])  aII ada])tivc codillr,  sclw]nc,  wId slIow tlIat th is  adal)tivc  codil  Ip,
s{’lIc]Ilc  l)iiS  low il]]])]c:]I]c]]t:~tic)]l  cmn])lcxity.  WC ]nmclIt smnc t]lcord,ical  and  cx]wri]r]c]ltal  r e s u l t s .

* ‘]’1 ,(: y(:s(::trc]l dc:scri~)cc~ ill t,]lis l)a] WY WaS carried  out I)y JCL  1 ‘ro] mlsim  I 1 ,al)[)~ai,o~~j  ( hlifon  Iiii ]Ilstitutc

of ‘I’ccl II Iolop;.y,  uIIdeI.  a ccmtHIct  witl} Naticnlal  Acro]lautim  aIId S]mcc Acl)[li]listr~~tic)]l

()
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1. II)troduction

I I I  L]lis artic]c  WC r e v i s i t  ~;diap,cl’  aIId VaII VOoIIIis  O])til]liil s o u r c e  codi)lp, sc]It!IIIc  for  p,colnctrica]]y
dislril )utcd  I mml)cp;at,ivc  il)tc~m al])llal)ds [1]

])(; ](i) ~ (1  -  o)o~ Vo >(), (1)

w])(:](:  () : ] _ 7.(()), ;~~l[] ~.(f)) is t,]l(!  f~i~~(,jo]) of ZCIOS ill t,l}~ s~lllll)]c SCI,, ~~)~ s])o\v  that l,lIc Vziyious S(I])CO(]CS

iII l]J(~ ])o])[llii~ l{ic(! alj];orit]llr)  CiIII h derived fro])]  Ll)c! (JallaKcI’  aIId VaII Voorllis  code, NCXt wc II mdify aIId

~,,()]l(:]ii]i~(:  t]I(!  (+allap,m  aIId  VaII Vodlis code for 2-sid(!d p,colll(itrica]].y  distril)utd il}tcp,cr [il])l]iil)~ts  (I)ositiw

illl(] ])(:f\iiLi\r(:),  w]lic]l ]IiIVC t]IC fo]lowillp, dislril)utioll

(2)

Wll(!l’c  0: +;-;: [:] , caIId r(())  is lJIc fracticn] of ZCIOS ill lIIC saIn])lc sc!t. ‘J’lIc 2-sided p;c!olmtricwlly  distril)utcd
illtcp,m’ al])lmbds  arc ty])ical i]qwts  to tlIc Imck-md  cIItro I)y codi]]g SLap,(!  of IOSSICSS ]medictivc codilw, scl IeIIIcs
aIId  10SS.Y trallsfon~)  codil)p, SCIICII)CS. WC dcvclol)  aII ada])tivc mdilip;  SdIe IIIC wlIicl I IIi+,s l o w  il)ll)](:lllc:llt:itic)ll
colll])]c!xity,  aII(l wc ]) NWIIL SOIIW  L]mrctical  a]d  (!~])~~illl{!~ltii] N!su]ts of t]lis SC]  ICI IIC.

11. 1 blationship  Iietwmn  the  one-sided Gallager  van Voorhis  Corle and the  I Lice Code

~tr]l(:lc  () , j _ ~.(()) as [I[)jill(:c]  ill (] ). ]L is ~a+y 1,0 scw L]]at fol. :~IIy 0, 0 < f) < ] , tlleyc  is  a  ulliquc })ositivc:

illtc}~;cr  1 satif.yillp.  (3) .  1 mt a l)oll-lm~ativc  IIUIII1)CY  i I)c IW])ImCIILCd  I)Y i c 1.7-1 f’ WIICN! .7 T [i/lj, tl)c illtep~!r
])ii]l of i/1, aII(l r : [i] 1 1 1 0 1 1 1 .  (Iallap,er a)t(l VaII Voorllis  SIIOWCd t,l Iat aII o])til~li~l COdC  fo~ tl)c 1}~)])-]lop,/it,i\J~

illlcp,(!rs is LIIC cc)llc:itc!)):itic)ll  of a uIIary  code w]lic]) is usc!d to cIIcodc  j, aIId a 1 lulflllall code w])id) is us(!d

(0 Cllcod(!  ?“, 0< ?’ <1 – 1.
]{ i(’c dmw]o] d a ])rcdictivc ]OSS]CSS codi)lj]:  sclIelIIc  [2] L]lat cmlsists  of two s(!]  )aratc stap,cs:  L]IC fmllt-clld

])1’c-])1’OCWSOI”  is a ]  )rcdirk)y  fd]owc(l  ])~ a  sy] I  I\ K)] ][)ii] )] )w, Wllilc t,]I[: S(,COIJ(\ ] HIIL ] )cr foril)s  ti(]ii] )(,ivc C] IL]o] )y

codillf:. ‘] ’]Ic first, stNp,(!  t[ikcs  L]Ic! diflmwllcc l)cLwecII LII{! actual va]ucs aIId LIIC ]m!dictc!d  WI]UCS  alId II Ia])s t] I{!

clil IcY(!1 ms, ]wsiLivc o~ ]lc~ativc,  to a sc qumlcc  of 11011- I lcp,ativc!  il Itcp;cr IIIITIIhrS. ‘1 ‘Ilc S(!co?ld Slap>c  (!1 Icod(!s
t,f I(! scqueTIc(!  l)y ada])tivc!]y  sc]cclillg  t]lc I)cst  of scvcra]  easily illl])]ellmlllt!d  varia])]c  ]c!IIp;L]I codi~lp,  a]pc)I’iL]IIIIs
for 1]()])-l](:p,iiLi\(:  intc!p;(!rs. Ilsillp;  l{iw!’s  IIotatioll ill 12], it was SIIOWII  ill [3] LII:it  L]IC v a r i o u s  varial)l(:  lcIIp,tlI

codes COIISLI’UCLCd  ] ).Y col)catcllatilg  L]IC fulldall  ICI Its] scqumicc  code V 1 aIId L]IC s])] it-saln] )1(!  codes V 1,A ii](!
O])till)ii] ] ]ufl’l])all  codes for data SOINCCS t])at ]Iavc ] ,a])]acial}  distri])utiolw, III this art iclt! WC! furtllc!r  s] tow
tfliit  L]IC o])tilila]  ] lUflIIIaII  codes ill L]IC llicc [ilp,orit]ll]l  an! actua]ly  ])articular  (;VI 11 codes t]IaL corrcslmIId

to t] IOS(: 1‘s w] lic]l arc ] )owcrs of Lwo, (hnittillp, t]l~  ]Jli\(,]]~l))i~Li~ii]  dctai]s,  wc S]IOW  Lll:it  L]I(:  f~lll{lii~[l~])tii{
SeqUe IICC code ~fl is cqlliva]cllt t,o t,]Ie (:v] ] 1 code fol’ 1 : ] , ;lIId  t\IC sl)]it-s:{llll)!(,,  cocks  l]J ~,):  is c,quiva](nlt,  to

lIIC (:VIII  CO(I(! for 1 ~ 2f’.

*  ‘[’II(: ](!s(!ii]~])  dcscri])cd  ill L])is ])a])cr  w a s  carrid  out ])y .]d ]’ro])u]sioll  ] ,al)oIa LoI,y, ( ;a]ifonlia  ])lstit,llt(,
of ‘I’(:c]  II IO I():I,,Y, UII(ICI. a ~o]il~il(,t  wit]] Natiol  ia] Ac!mlaulics  iili(l ,S])ttCC A(llllillisLlatic~ll
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111. JMcimIt  Coding Based on the 2-sicled  Cecnmetric Model

( ;ol]slrucl,illg  m] o])tilml ]wcfix  cod+ s:iy I)y usillp, tltc  1 lufhIIm I a]p,orit,lilll,  is quite a COIII])]CX  o]wratioll

il I ] lill’(]Will’(!. \~JC dCV{!]O]  )(!CI a C]ii S\ Of II(!:IT-0] )tilllill  ] )l’(!fi X cd[!s h (!1 ld(! clata ([!. p,. difl(!l’c!]  It,ia]s Of W:iVCfO1’11  I

(l:IL>I i~ll{l ilnnp,c d~il, a) wit]l  ]m)]xi~)i]it.y  distri~)utimw  L]Iat M!sc!lI1])]c LIIC ~-sid{!d F,{!olllctl”ic II Iod(!]s  IIS illtmduc{!d

ill L]IC ]jm’ious scctiml  [ 4 ] .  ‘I’l K’ c.ol~slruclio])  o f  l,liis ]ndix  C{XIC is siIIIl)]e. h II]ost  \ir(:]]-])(:]I:i\Iccl  daLa,
fl’(!(pl(!llcy(i)  = fl’{!qw!llcy(-  i) fol’ i ~ 1,21 ..., ‘1 ‘]IUS ill ordc!r  to COI ISLIWCL  a code for INL1l t,]ic.  }msitivc aI Id

IIc}!;lliv{!  Va]u(!s}  wc usc t]Ic  (;VI 11 codes for t]Ic ~lo?)-~lcp;ativc illtcp,ers. AII additimlal  l)it is a}qmIdd  to ~ii~ll
codeword, mm:]  )t t,] IC codewords IX] m!sc!lltillp;  (), to  jlldiciilc W]ICL]  KY i)ltcp,cr i 01” il Ite&cr - t’ is SCI IL. \}’c call

t] I is COdC t] I(! (; a]]:lp;C1-Val)  VOOY1  ]is- ] ]~lfl’l]~iil)-~  COd(!.
] I:ISMI  o]) t] IC al )OVC  CO[]C  co~lstructio~l,  wc C\WIUatC tlIC ] ~(!lfo~ll IRI ICC oft] IC ( ;Vl 12 COd(X, i~l)[l  p,ivc C1OSMI

fo]”]ll iil]ii]~li~  cx]nwsiolls as [i fullclioll  of O for LIIC IwdulIdaIIcy 12, tlIc IIICaII  mdelcIIp,tlI  12 , aIId L]IC cIIlro]pI
)1 (XZ) of IJIC 2-sid(!d  i])tcp,c]  ,geo]))dric  distril)utiml, w]IeN X? is L]IC discrctc  IaIIdOIII  varial)]c conws]mlldillp,

to t] I(: 2-sided P;C!OI  nchic  mum. \~7c s)Iow t}IaL lZ is p,ivml ] y

(4)

\!’(, ;I]so S)IOW L]Iti(  1]10 cIIlro])y  of L]IC 2-sided p,eo]]mt,ric  SOIIWW cfiII lx! wI”it LcII as

i x,
)1(X2) ,  ~ pz(i)f~  (i)

icw

1-1o
( )

2olog2(o)
dF;2i:j  --- ---

(1 -1 0)(1 - o)
(:))

] ](:11(’c  w(: wrritc  dowl  I a dosed for) II cx]wcssiol  I fo~ t]Ic mduIId:ilIry of our  codillp; SC] ICI I IC as a fullctio]  I of O
:111(1 1, IJ;illl(!ly,

\J~c {illd  L]IC va]uc  of 1 w] Iic]I n]iniloiscs  12 for p;ivm) O ])y lnillilnisil]g  tlIc LCI’IIIS ill 12 wllicll dc]wIId  OII 1, IIaIIIel,y

(7)

\i7c f i] I(I t] I(I o] )t il [li~l 1 values (OVU all mIIp,cs of O of il ILCYCSL  ) l)y direct SCXIN}I,  aIId  t] IC KSU1 (,s will ] m ] mwcIIlcd

iII LIIC (mlfcrc]m.

IV. An Aclal>tive  Coding Scheme  IIased ON 2-Sicled  Geometric Distribution

] I I l]lis sediol I we descrilw mi  ada] )tivc  eIILm] y codi?lp,  SC~ICIIIC!  t}Int w[~s  d(wc]o] K!d for L]Ic! ( ;:I] i](!o

1,(w  (jail] AI ILCIIIIa Mission [6].  ‘J’llis ad:i])tivc 10 S SIC S S  dntn  co~nlnwssioll slIcInc  is cliflc:rc]~ti;il-] )[llsu-coclv-
IJlodlll}ltioll  Imsed  (1 )1 ‘(; M based), aIId uscs H 1 luflillal) codilj{l, s(,ratop,y  sil]lilar  to LII(! OIIC used to CO II I1)IWSS
tfIc 1)( ~ di{l’crcllti~ils  of tlIc JI’IK; 17] tiIId 1( H’ [(;] [8] cmrl]nmsioll SCIICIII(!S. W ( !  d(!vclo])  tlllm 1 lllfl’lIlaIl
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(()(l(:l)o()ks  L])iit aI’C ]): Isc{] 011 t]IC 2-sided f’,(!OlllCtl~  II IO(ICI : oII(: for low-activity data  (/ : 1 ), olIc for IImliullb
activit,,y (]ii L}i (/= ~), aIId OI}C for hip;l l-activity  (Iiitii (/ d). ‘] ’]Ic {Iiitii :I]”(! firs(  ])aYLili Oll(!d into l)lo~ks  of fixd
]CIILI,LII  (c.E. 16 SaIII])lCS }KT l)lo~k).  ‘J’IIc first SaIII])lC of cacII  l)lock  i s  (ISC{I  iis ii ]cf(m!l}~c  lmillt aIId i s  IIOt
codc<l. AIId for i,lIc! m]]lai]]i]]p,  saIII]dcs,  tlIc diff[!rc!~lccs  lmtwc!c!II  adjcmtt  saIII])lcs  aIx: calculal,cd.  ‘I’l Ic cIIcodcI

11 ICI  I m II] )uL(!s tlIc IIUI nl m of 1 )ils  LIIal, arc rcquid Lo COIII1 moss L]lc M o c k  usill~  caclI of tlIc ] mxlcf  illc!d
cod(:l inks, al Id C]1OOSCS t] I{! codcl)ook  LI I at F>i V(:S tl](! I mst COIII]  mcssiol). 1 f all codcl  rooks p;iv{! dala-cx]  mIlsioll,
L] I(! l)lock  is scIIt  uTIcIIcodcd.  lhcl I I Jock is ] nxmdcd I )y a 2- I )it tap,: 00 for tllc ]ow-adivily  codcl  rook, ()1 for

tlIc lllccli(l~fl-~~clil~ity  codcbook,  1 0  f o r  tllc ])ip.])-aclivjty  codclmok,  aIId 11 for 1 1 0  co~rl]mxsio]l.  Silllulatiol)
]cslllts 0]1 vit~iolls  dntii SOUIYWS  will ] N p;ivml  at L)IC CO]  lf~]’{:]1~{:.

ltefc?l’cmc(?s:

Nostr:illcll{(!i)lllc)lcl,  1993.
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